Murine ribonucleic acid tumor viruses and C-type virus particles are produced in relatively large quantities in roller bottle cultures. The viruses present in large volumes of culture fluids can be purified by a simple two-step procedure involving polyethylene glycol precipitation and equilibrium centrifugation in sucrose density gradients.
base. The Eagle amino acid formula (5) has been modified to contain twice the usual concentration of amino acids except for histidine (1.68 g/40 liters), glycine (1.20 g/40 liters), serine (1.68 g/40 liters), and arginine (3.36 g/40 liters). The salts-glucoseamino acid mixture was prepared in 40-liter quantities containing 2.0 ml of 10% (w/v) phenol red, pH 7.5, filter sterilized, and stored in 1,600-ml quantities at room temperature. Stock solutions for 100x Eagle glutamine (Nutritional Biochemicals, Cleveland, Ohio) and 100x Eagle vitamins (Difco Laboratories, Detroit, Mich.) were filter sterilized and stored at -20 C. Other stocks include a filter-sterilized 7.5% NaHCO3 solution and an autoclave sterilized lOx (3.3%) Tryptose phosphate broth (Difco Laboratories, Detroit, Mich.). These stocks were stored at 4 C and room temperature, respectively. A 25% neomycin sulfate (Upjohn Drug Company, Kalamazoo, Mich.) solution was stored at 4 C.
The complete culture medium was prepared immediately prior to use as described in Table 1. C-particle virus purification. Culture fluids from the fifth or sixth day after subculturing were used as a source of C-particles. The medium was clarified by a low-speed centrifugation (2,500 x g for 10 min). The supernatant fluid was made 6% (w/v) in PEG 20 M and stored at 4 C overnight. The precipitate was collected by centrifugation at 10,000 x g for 30 min, and resuspended by homogenization in 0.01 M tris(hydroxymethyl)aminomethane (Tris)-hydrochloride, pH 7.5, 0.1 M NaCl, and 0.001 M ethylenediaminetetraacetic acid (TNE) (1/100 of the original culture fluid volume). About 8 ml of this suspension was warmed at 25 C for 5 min and was layered on 28 ml of a 15 to 60% (w/v) linear sucrose gradient buffered in TNE. After centrifugation for 16 hr at 13,000 rev/min in a Beckman SW-27 rotor, the virus was concentrated in a sharp band in the 1 RNA was dissolved in 0.01 M Tris, pH 7.5, and kept at -60 C until used. Velocity sedimentation analysis of the RNA was performed by centrigufation in a linear 5 to 25% sucrose gradient buffered in TNE for 16 hr at 15,000 rev/min in the Beckman SW-27 rotor. Heat-dissociated RNA was prepared as described previously (2) .
Reverse transcriptase assay. A modification of the procedure described by Scolnick et al. (9) The intact virus serves as both an enzyme and a template source. No exogenous templates were added. The reaction mixture contained an optimal level of Triton X-100 (0.02%) and was incubated for 60 to 120 min at 37 C and chilled in ice. About 0.1 ml of 0.1 M sodium pyrophosphate, 100 Mmoles of TTP, and 2 ml of cold 5% trichloroacetic acid were added. After 20 min at 0 C, the samples were collected on Gelman triacetate filters, and the filters were washed seven times with 5% trichloroacetic acid. The edges of the filters not accessible to trichloroacetic acid washing were trimmed to reduce the background radioactivity.
Liquid scintillation counting. All gradient fractions were processed through a trichloroacetic acid precipitation procedure. Usually 100 yg of yeast RNA was added as carrier, and an equal volume of cold 10% trichloroacetic acid was added. After 20 min at 0 to 4 C, the precipitates were collected on Gelman triacetate filters and the filters were blotted dry and placed in counting vials. One milliliter of 0.4 M NH4OH and 10 ml of counting fluid were added.
The counting fluid contained 1,000 ml of Triton X-100, 1,880 ml of toluene, and 126 ml of Liquiflour. The samples were counted in a Packard 3375 scintillation counter at 28% efficiency for tritium.
RESULTS
Subculturing of cells. This procedure is outlined for JLS-V5, but applies equally well to the other cell lines such as JLS-V6, JLS-V9, or JLS-V10, and to SD-MSV-infected rat embryo fibroblasts. One fully confluent roller culture (7 days old) is drained well and 10 ml of freshly prepared complete growth medium is added. (Fig. 1C) . Very little virus was detected in the supernatant fluid after PEG precipitation (Fig. 1D) The purified RLV and the C-particles produced by JLS-V6 cells (7) were examined by electron microscopy (Fig. 2) . The electron micrographs show C-type Rauscher virus particles ( Fig. 2A) , and similar particles were observed in the preparation purified from culture fluids of JLS-V6 cells (Fig. 2B) . Tail particles were observed in both preparations stained with uranyl acetate. Staining in phosphotungstic acid gave fewer tailed particles and more rounded structures.
When 24-hr culture fluids were processed from noninfected BHK-21 cells, a homogeneous optical density peak was seen in the 1.16 g/cm3 region of sucrose gradients. This peak was about one-fourth the size of the peak from RLV-infected JLS-V5 culture fluids. No detectable labeled RNA was seen in 1.16 g/cm3 peak when the BHK-21 cultures were exposed to 3H-uridine for 24 hr. In addition, no reverse transcriptase activity was present in the 1.16 g/cm3 peak from BHK-21 culture fluids (Fig. 3  and 4) , and C-type virus particles were not observed in electron micrographs. The electron micrographs suggest that microsome-like components are present in this fraction from BHK-21 cells. Thus, the 1.16 g/cm3 region of the gradient from culture fluids of C-particleproducing cells probably contains other membrane components in addition to C-type virus particles. These membrane components probably are minor components in high-producer Table 3 ). The time course of synthesis was u / ",°'
nearly linear for 2 hr (Fig. 3) and there was a X_ / ,/'linear dependence on protein concentration 7- / ,' (Fig. 4) . Similar results were obtained with the 4 4-C-type virus particle produced by JLS-V6 cells ( Fig. 3 and 4) . (Fig. 5) . The results show a peak of 65S RNA in a 5 to 25% gradient buffered in TNE. About 75% of the RNA sedimented at 65S and the remainder was seen at the top of the tube. When 60 to 70S RNA was heat denatured (2), it had a heterogeneous profile with S-rate limits of 4 to 40S. The 3H-RNA from purified JLS-V6 virus gave similar results (7), but the SD-MSV gave a heterogeneous 60 to 70S RNA peak and the heat-dissociated RNA was more homogeneous.
The 3H-labeled viral RNA was 95% sensitive to pancreatic ribonuclease in 0.3 M NaCl (10 jig/ml for 30 min at 37 C), and to 0.5 N NaOH for 5 min at 95 C as measured by trichloroacetic acid precipitation.
When virus was isolated from cultures labeled for 8 (8) , but this procedure was found to be detrimental to murine RNA tumor viruses. The use of high CsCl concentrations appears to inactivate the murine RNA tumor viruses (8) .
Polyethylene glycol 6 M quantitatively precipitates a number of plant viruses (4) and has been used to precipitate murine leukemia virus (3) and other myxoviruses (6) . Foot-and-mouth disease virus (11) (Fig. 1) . The precipitated viruses band at 1.15 to 1.16 g/cm3, contain 60 to 70S RNA, and have reverse transcriptase activity. The reverse transcriptase activity in the 1.16 g/cm3 region of the sucrose gradient is indicative of the presence of C-type virus particles. The reverse transcriptase activity in virus purified by PEG 20 M precipitation has the usual requirements and the DNA product has the usual properties (1, 10) .
The 60 to 70S RNA of these purified viruses is heat sensitive, producing 35S RNA and lower S-rate components (Fig. 5) . The C-particles purified from 24-hr culture fluid contains RNA which has been partially "nicked" by nucleases. The 60 to 70S RNA appears relatively normal, but the heat-dissociated RNA is quite heterogeneous. When virus was purified from culture fluids labeled for either 8 or 12 hr, the 60 to 70S RNA appeared to be identical to the 24-hr virus RNA, but the heat-dissociated RNA contained a more homogeneous 33 to 38S RNA. Similar results have been obtained by Watson (12) 
